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Background: The validity of energy data in the composition table of Korean food has been in question
due to possible differences in its chemical composition from that of western food. Traditional Korean
food involves a diverse range of food ingredients so there has been considerable doubt regarding the
accuracy of the energy level derived from chemical analysis and energy conversion factors.
Methods: This study was undertaken to determine the metabolizable energy of Korean food by animal
testing. Cooked foods (12 items) were freeze-dried and fed to SpragueeDawley rats with body weight
200e300 g to measure apparent metabolizable energy values for 4 days after 3 days of preliminary
adaptation to the diets.
Results: When the apparent metabolizable energy values of Korean foods measured in this study were
compared with energy values calculated by various conversion parameters such as those of Atwater,
Rubner, Sochun, and the Food and Agriculture Organization, there were big differences indicating that
the energy values calculated using the other conversion factors are hardly acceptable for many food
items.
Conclusion: The various food ingredients involved in the cooking process of traditional Korean food lead
to differences between the energy level attained from chemical analysis and from actual animal testing.
Copyright © 2015, Korea Food Research Institute, Published by Elsevier. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
As can be seen by epidemiological research that a westernized
diet of high fat, high calories can lead to lifestyle or adult diseases
such as obesity, there is a rising need to choose the right kind of
food in daily life for a healthy diet. It is largely thanks to traditional
Korean food (hansik) that lifestyle-dependent diseases are rela-
tively less prevalent in Korea. Traditional Korean cuisine encom-
passes a wide range of food choices using an array of ingredients
and various recipes, and is assessed to be nutritionally superior to
western food, especially when it comes to preventing obesity [1]. In
particular, a traditional Korean meal consists of staple foods of
mainly carbohydrates and side dishes of mainly protein and vege-
tables so it has the advantage of containing many ingredients that
beneﬁt human health [2].1201, Bundang, Songnam,
titute, Published by Elsevier. This isWhen it comes to food composition, the component with direct
relation to obesity is the food calorie, which refers to the sources of
energy that are needed for the human body to carry out various life
activities such as growth or physical activity. The human body can
only be supplied with calories through the consumption of food.
This can be a double-edged sword because, depending on the
amount of consumed calories, it can either maintain a healthy or
unhealthy life. In the past, the main purpose of food consumption
was to attain calories for life activities. However, with the
advancement of scientiﬁc civilization, there is ever less physical
activity while the amount of calories consumed is becoming more
excessive than needed for conducting physical activity, conse-
quentially leading to lifestyle diseases. Therefore, it is imperative
for health reasons that we understand the energy values of food
and apply the knowledge to our daily dietary habits. This is why the
ﬁrst thing to do when making a diet plan is to calculate the energy
content of the diet based on the person's energy value re-
quirements and reﬂect other nutrients in the diet plan based on this
number.an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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greatly diverge from energy value derived using the existing calorie
calculating method of using ingredient components [3]. In past
studies, it was found that the difference between metabolizable
energy value of food and the calculated one was around 40% at
most, and in the case of hansik which includes ﬁber-rich and
various ingredients in particular, there is a pronounced gap be-
tween the actual energy value and the one from calculations [4]. In
hansik, which contains much dietary ﬁber, the calorie level of the
food itself can showa difference, but when consumedwith rice, this
can lower the calorie count utilized in the body from rice which is
high in carbohydrates [4,5]. It was found that for these reasons, the
caloric value of hansik using the current calorie estimation system
may be overvalued. In particular, when the caloric values of high-
carbohydrate barley rice, brown rice, gimbap, and bibimbap were
measured, the metabolizable energy of these foods were 8.7%,
13.3%, 4.5%, and 17.2%, respectively, lower than those calculated
from the existing method. These study ﬁndings proved that the
calorie count using the calculation method is overestimating the
calorie level of hansik [4].
This highlights the need to move away from the current
western calorie estimation method and develop a new and more
suitable method of measuring calories when it comes to hansik.
Systematic studies on the metabolizable energy in food were
conducted by Rubner in Germany and Atwater in the USA [6,7].
Atwater arrived at many ﬁndings from digestibility tests based
on early studies of Rubner. Using these ﬁndings, he proposed the
concept of available coefﬁcient [8]. The concept of energy in food
developed from gross energy to metabolizable energy by Rubner
[6]. In particular, Rubner found that the gross energy of food is
not all utilized by the human body, and the food's metabolizable
energy actually used by the body was deﬁned as the difference
by deducting the energy excreted as waste from gross energy
[6,7].
Therefore, the aim of this study was tomeasure the caloric value
of hansik actually utilized by the human body, and comparing this
number with that from the current caloric system as to prove the
error in the case of hansik's caloric value and provide its accurate
caloric content, thus enabling healthier dietary habits. To this end,
the study suggests ﬁndings that measured the metabolizable en-
ergy contents of nine Korean foods high in protein intake along
with three western foods.
2. Materials and methods
The energy content of food is currently measured using four
methods: the energy conversion coefﬁcient method; the di-
gestibility coefﬁcient method; human research; and animal testing
[9]. For measuring the metabolizable energy, there is also the
method of feeding the food concerned to laboratory rats as their
entire diet or part of a mixed diet [3]. The ﬁrst method for feed has
the issues of the laboratory rat's preference and nutritional
imbalance, so this study minimized such side effects by mixing
hansik at a 30% ratio with the basal diet [9].
2.1. Procedure and materials
For this study, SpragueeDawley albino rats at age 8 weeks and
215.1 ± 5.6 g in body weight were used. There were a total of 13 test
groups consisting of one group of basal diet (BD) and 12 diet groups
with nine hansik groups and three western food groups. Each test
group used six rats and the test duration was 7 days with 3 days of
adjusting to the test feed and 4 days of testing. For the 4 days of
testing, the amount of dietary intake and excretion was precisely
recorded. The rats were each kept in 30 cm  30 cm  30 cm cages(acrylic; Daejong Instrument Industry Co., Ltd, Seoul, Republic of
Korea) and supplied with water and feed on a ﬁxed daily schedule.
The lighting in the lab facility was controlled by light bulbs, and the
indoor temperature maintained at 22 ± 2C. The rats were left to
freely consume the water and feed and other factors were imple-
ments in accordance with standard speciﬁcations. This animal
testing was conducted with the approval of the Animal Testing
Ethics Committee of the Korean Food Research Institute (Gyeonggi-
do, Republic of Korea).
2.2. Experimental foods
Using basic data research, 12 Korean food items high in protein
that are preferred by Koreans and foreigners were selected and
produced using the same methods of cooking for typical con-
sumption. The hansik items selected were: bulgoki, jeyuk bokeum,
samkyopsal-gui, jang-jorim, myolchi-jorim, ﬁsh-jeon, kalchi-gui,
kodeungo-gui, kodeungo-jorim. The compared western food items
were: steak, pork cutlet, and fried chicken (Table 1). The selected
items were cooked using the method of Yoon [10] and used in the
experiment.
The cooked hansik items were freeze-dried and pin milled to
100 meshes in standard particle size to be used as test materials.
The 12 Korean food items were analyzed for water, protein, fat, ﬁ-
ber, and ash content using component analysis as to create the
proper recommended amount for the tested rats, as shown in
Table 2. To prevent water absorption and change, all feed was
stored in a e70C deep freezer (Ilsin Lab., Seoul, Korea), and was air
dried for 6e8 hours before proportional mixing and use as test feed.
The test feed reﬂected the nutrient requirements of the test rats,
was created by mixing BD 70% and hansik 30%, and made as pellets
for feeding.
The basal diet mixed corn ﬂour and casein, and the protein
content kept at the 10% range to meet the life-maintaining re-
quirements of the laboratory rates. Other nutrients were sufﬁ-
ciently provided in line with the requirements of the U.S. National
Research Council (Table 3).
2.3. Analysis of gross energy content of excretion and more
Every day at the same time, the measurement of dietary intake
and excretion amount was taken, and the excreted waste was
separately collected and used as a test sample for study. The
collected feces sample was sprayed with 0.5N sulfuric acid and
dried for 48 hours at 75C, then crushed and stored at e10C to
prevent decomposition and the volatilization of nitrogen content.
The collect urinary samples were each added 2 mL of 0.1N hydro-
chloric acid and kept at 4C.
The gross energy content of hansik samples, test feed, and
excretionwere combusted andmeasured using a bomb calorimeter
(Parr, Moline, IL, USA). The energy contents of test feed and feces
samples were measured by weighing (0.7e0.8 g) and placing in a
calorimeter chamber for combustion for estimation of gross energy.
Urinal energy was measured by ﬁrst measuring the weight of the
calorimeter container as well as the ﬁlter paper (No. 4; Whatman,
Haverhill, MA, USA)whichwas cut to ﬁt the container, and placing a
speciﬁc amount of the urine stored at 4C into the ﬁlter paper using
a pipet for weighing, then thoroughly drying and combusting in the
bomb calorimeter. During this time, the temperature of the calo-
rimeter was maintained at room temperature, and benzoic acid
(6,307.9 cal/g; Fisher Scientiﬁc, Hampton, NH, USA) was the stan-
dard substance.
The crude protein, fat, and ﬁber content of the test feed and
collected feces were measured in compliance with the AOAC
method [11], and the used analytics tools were AutokjelTech
Table 1
Experimental Korean foods (hansik).
Foods* Local name Brief description
Bulgoki
Korean barbecue/BBQ
Bulgoki is prepared with beef that has been marinated in soy sauce, honey, minced green
onion, garlic, sesame seeds, and pepper, and then grilled. The excess liquid can be mixed
with rice, which tastes as good as the bulgoki itself.
Jeyuk bokeum
Stir-fried pork with hot sauce
Thinly sliced pork marinated in spicy ginger-gochujang sauce and stir-fried with onion,
carrots, perilla leaves, or cabbage. Ingredients vary according to taste.
Samkyopsal-gui
Grilled pork belly
Streaked pork belly grilled and dipped in salt or samjang (red soybean paste dip). Also
eaten wrapped in lettuce leaves.
Jang-jorim
Soy sauce braised beef
Lean cuts of beef or pork braised in a mixture of soy sauce, sugar, and garlic. The meat is
shredded along the grain into small pieces and drizzled with the braising sauce when
served.
Myolchi-jorim
Soy sauce braised anchovies
Anchovies braised in a mixture of soy sauce, sugar, and garlic.
Fish-jeon
Pan-fried ﬁsh ﬁllet
This is made by seasoning slices of ﬁsh with salt and pepper and letting them sit for a
while. The ﬁsh slices are then coated with ﬂour, dipped in egg batter, and pan-fried. It is
usually made with white-ﬂesh ﬁsh, such as pollock, cod, and sea bream.
Kalchi-gui
Grilled cutlass ﬁsh
Cutlass ﬁsh sprinkled with coarse sea salt and grilled or pan-fried
Kodeungo-gui
Grilled mackerel
Mackerel sprinkled with coarse sea salt and grilled or pan-fried. Mackerel is sometimes
salted and half dried, or heavily salted for storage.
Kodeungo-jorim
Braised mackerel
Mackerel sliced sideways and braised in a spicy soy sauce mixture with white radish or
potatoes. Green napa cabbage leaves or kimchi may also be added.
Steak
Beef sirloin steak
Grilled soft beef parts such as sirloin or ribs
Pork cutlet 2e3 cm thick pork tenderloin pieces are breaded and fried, then topped with Japanese
Worcestershire sauce, rice, and vegetables (usually lettuce)
Fried chicken Breaded and fried chicken
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No. 130), respectively. The nitrogen levels of urinary samples were
measured using the Mulijibhai method [12].
The metabolizable energy contents of the test feed were
compared bymeasuring the apparent metabolizable energy (AME),
nitrogen corrected AME (AMEn). AME and AMEn were derived
using the following formula.AME ðkcal=gÞ ¼ ðGEf  XÞ  Yef
Feed Intake ðkgÞwhere AME is the apparent metabolizable energy (kcal/kg), and GEf
is the gross energy (kcal/kg) per kg of the consumed test feed, and X
is the amount of feed intake. Yef is the gross energy of the excreta of
laboratory albino rats which consumed the test feed (kcal).
Table 2
Approximate analysis results of hansik foods used in the study (%).
Water Crude ash Crude fat Crude protein Crude ﬁber
Bulgoki 67.05 ± 0.77 1.78 ± 0.04 10.46 ± 0.43 12.72 ± 0.41 1.13 ± 0.03
Jeyuk bokeum 66.22 ± 0.64 1.41 ± 0.08 11.76 ± 0.18 11.49 ± 0.37 1.42 ± 0.02
Samkyopsal-gui 38.55 ± 0.27 2.24 ± 0.12 32.05 ± 0.33 28.69 ± 0.02 0.34 ± 0.06
Jang-jorim 47.03 ± 0.03 4.73 ± 0.00 4.51 ± 0.16 31.95 ± 0.24 1.14 ± 0.10
Myolchi-jorim 20.29 ± 0.04 7.15 ± 0.00 16.07 ± 0.20 29.46 ± 0.72 1.63 ± 0.24
Fish-jeon 60.40 ± 0.28 1.38 ± 0.00 9.49 ± 0.11 22.77 ± 0.11 0.48 ± 0.07
Kalchi-gui 52.35 ± 0.35 1.64 ± 0.05 16.94 ± 0.05 22.74 ± 0.22 0.56 ± 0.03
Kodeungo-gui 59.01 ± 0.52 1.96 ± 0.00 15.40 ± 0.43 23.74 ± 0.43 0.49 ± 0.01
Kodeungo-jorim 66.23 ± 0.17 2.92 ± 0.01 8.79 ± 0.02 16.94 ± 0.33 1.10 ± 0.02
Steak* 42.51 ± 2.06 0.82 ± 0.05 30.50 ± 1.73 20.99 ± 0.73 0.33 ± 0.02
Pork cutlet* 41.30 ± 0.27 1.57 ± 0.00 19.09 ± 0.17 13.86 ± 0.18 0.86 ± 0.09
Fried chicken* 50.39 ± 0.13 1.98 ± 0.17 16.60 ± 0.25 20.61 ± 0.30 0.44 ± 0.03
* Steak, pork cutlet, and fried chicken were included for comparison as western food items (as in Table 1).
Table 3
Formulation of basal diet.
Ingredient Basal diet (%)
Corn starch* 42.809
Caseiny 17.5
Glucose* 13.2
Sucrose* 10.0
Soy oil* 5.0
Cellulosez 5.0
Mineral premixx 4.5
Vitamin premixx 1.3
Cysz 0.39
Cholin, bitataratez 0.30
Butylated hydroxytoluenez 0.001
Energy, kcal/kg, calculated 3.472
Protein 16.490
Lys 1.208
Met 0.467
Cys 0.503
Cys, cysteine; Lys, lysine; Met, methionine.
* Cheiljaedang Co.
y International Ingredient Corp.
z Sigma Co.
x Dyets Inc. Vitamin premix provided the following in mg/kg or IU/kg diet:
thiamin HCl, 7.8; riboﬂavin, 7.8; calcium panthothenate, 20.8; niacin, 39; pyridoxine
HCl, 9.1; folic acid, 2.6; biocin, 0.26; vitamin B12, 32.5; a-tocopherol acetate, 97.5;
vitamin A palmitate, 5,200; vitamin D3, 1,300. Mineral premix provided the
following inmg/kg diet: Ca, 6,429; P, 2,007; K, 4,629; Na, 1,310; Cl, 2,020; S, 386; Mg,
652; Fe, 45; Cu, 8; Mn, 13; Zn, 38.5; Cr, 1.28; I, 0.257; Se, 0.19; F, 1.28; B, 0.64; Mo,
0.19; Si, 6.4; Ni, 0.64; Li, 0.13; V, 0.13.
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¼ AME per gram basal diet
þ AME=g gram test diet AME=g basal diet
0:3
where 0.3 is the test feed ratio. AMEn was derived by nitrogen
correction of AME as follows.
AMEn=g test ingredient ðkcal=gÞ
¼ AME=g test ingredient
 7:82 ½Total N consumed ðgÞ  Total N excerted ðgÞ
Feed intake ðgÞ
where 7.82 is the nitrogen correction coefﬁcient (kcal/g urea
nitrogen).2.4. Comparison between experiment results and the calorie count
Four representative energy conversion factors were used to
compare the difference between themetabolizable energy contents
of Korean and western food gained from actual animal testing in
this study and the amount calculated using component analysis [4].
The four energy conversion factors used for protein, fat, and car-
bohydrate, respectively, for calorie count were: Atwater (4 kcal/g,
9 kcal/g, and 4 kcal/g): Rubner (4.1 kcal/g, 9.3 kcal/g, and 4.1 kcal/g);
Food and Agriculture Organization (4.05 kcal/g, 8.37 kcal/g, and
4.12 kcal/g), and SoCheun (3.8 kcal/g, 9.3 kcal/g, and 3.9 kcal/g) [9].2.5. Statistical test of study ﬁndings
All results of this study are displayed asmean and standard error
of the mean, and were analyzed by one-way analysis of variance.
The signiﬁcance test of the mean was compared at p < 0.05 using
SAS (version 9.4; Cary, NC, USA) t test or Duncan's multiple range
test.3. Results and discussion
Currently, the most commonly used method is the energy
conversion coefﬁcient method using food components, and the
most representative one indirectly deduces the potential caloric
value using Atwater energy conversion factors [3]. The last used
Atwater energy conversion factors were 4 kcal/g, 9 kcal/g, and
4 kcal/g in protein, fat, and carbohydrates respectively. This coef-
ﬁcient is the same as the current concept of metabolizable energy,
which includes the digestibility rate. However, one weakness in the
Atwater factors is that the availability of the food's protein, fat, and
carbohydrates is set on average at 92%, 95%, and 97%, so if the
utilization rate is higher or lower, the food's energy calculated by
the Atwater factor diverges greatly from the metabolizable energy
that was evaluated using actual animal or human testing [4,13e15].
Despite such a weakness, the Atwater factor continues to be widely
used worldwide for estimation of the energy content in food,
including in Korea [3e5,9].
However, it is known that calculation using this method does not
take into account various factors such as changes in the digestibility
rate from interaction between food ingredients and changes in the
efﬁcacy due to cooking, thereby leading to differences from the actual
energy content that the human body gains from the food. It has been
found that this consequence is highly likely to occur in hansik, which
usesvarious ingredients, so the currentmethodof deriving the caloric
content through a simple coefﬁcient method can lead to over-
estimation of energy in Korean food [3e5].
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change, intake amount, excreta/loss amount, absorption amount,
and the metabolizable energy content by intake of feed from
mixing in Korean food to the basal diet is seen in Tables 4e8. In this
study, when the metabolizable energy content of high-protein
meat food in hansik was measured through animal testing, theTable 4
Body weight changes and dietary intakes of the rats during the balance study.
Dietary groups Body weight
Change
(g/rat)
BD 17.7 ± 5.9
BDþ Bulgoki 27.2 ± 9.4
Jeyuk bokeum 22.6 ± 1.2
Samkyopsal-gui 20.1 ± 2.2
Jang-jorim 26.3 ± 2.6
Myolchi-jorim 24.7 ± 2.1
Fish-jeon 18.9 ± 5.8
Kalchi-gui 24.8 ± 1.7
Kodeungo-gui 19.0 ± 6.1
Kodeungo-jorim 17.3 ± 2.7
Steak 22.1 ± 1.6
Pork cutlet 23.3 ± 8.7
Fried chicken 15.4 ± 12.0
Values are mean ± standard error of the mean. Means in a row with letters without a co
BD, basal diet.
Table 5
Gross energy and nitrogen loss of the rats fed the experimental diets.
Dietary groups
Fecal energy U
(kcal/rat/4 d)
BD 24.0 ± 3.9a
BD þ Bulgoki 35.3 ± 2.5ab
Jeyuk bokeum 33.1 ± 1.5ab
Samkyopsal-gui 42.3 ± 5.9b
Jang-jorim 32.4 ± 2.3ab
Myolchi-jorim 33.0 ± 3.5ab
Fish-jeon 20.5 ± 2.1a
Kalchi-gui 23.2 ± 1.7a
Kodeungo-gui 31.9 ± 3.7ab
Kodeungo-jorim 34.3 ± 2.2ab
Steak 30.6 ± 6.9ab
Pork cutlet 33.7 ± 1.1ab
Fried chicken 21.5 ± 2.9a
Values are mean ± standard error of the mean. Means in a row with letters without a co
BD, basal diet.
Table 6
Gross energy and nitrogen absorption of the rats fed the experimental diets.
Dietary groups
Energy
(kcal/rat/4 d)
BD 198.7 ± 53.6a
BD þ Bulgoki 407.4 ± 55.0b
Jeyuk bokeum 427.0 ± 65.2b
Samkyopsal-gui 433.0 ± 14.8b
Jang-jorim 308.0 ± 4.9b
Myolchi-jorim 296.3 ± 2.4b
Fish-jeon 255.8 ± 21.8ab
Kalchi-gui 301.1 ± 22.2b
Kodeungo-gui 323.2 ± 22.6b
Kodeungo-jorim 347.2 ± 13.0b
Steak 376.7 ± 10.8b
Pork cutlet 346.7 ± 22.3b
Fried chicken 286.7 ± 45.6b
Values are mean ± standard error of the mean. Means in a row with letters without a co
BD, basal diet.body weight across all test groups increased, demonstrating that
the metabolism experiment proceeded in optimal conditions
without any nutritional imbalance in the feed used in the experi-
ment, including the BD (Table 4). It was shown the feed intake
amount was higher than the BD group across all test groups
excluding fried chicken, ﬁsh-jeon, and kalchi-gui (p< 0.05). ThisIntake
Feed
(g/rat/4 d)
Gross energy
(kcal/rat/4 d)
Nitrogen
(mg/rat/4 d)
55.7 ± 14.1a 299.8 ± 58.3a 1,409.0 ± 357.5a
97.0 ± 11.4b 453.7 ± 53.3b 3,421.8 ± 401.9b
98.9 ± 13.4b 470.0 ± 63.8b 3,267.3 ± 443.7b
104.6 ± 4.6b 498.5 ± 21.7b 3,984.7 ± 173.6b
82.2 ± 1.5b 357.2 ± 6.6a 3,613.8 ± 66.8b
79.1 ± 1.2b 340.0 ± 5.3a 2,539.1 ± 39.6ab
62.9 ± 5.4a 287.6 ± 24.6a 2,724.1 ± 232.7ab
71.0 ± 5.1ab 333.1 ± 23.8a 2,790.4 ± 199.6ab
76.5 ± 5.3b 370.9 ± 25.6ab 3,305.9 ± 227.8b
91.1 ± 3.5b 405.8 ± 15.4ab 3,649.6 ± 138.5b
79.6 ± 2.3b 423.5 ± 12.2ab 3,033.9 ± 87.5ab
86.4 ± 5.5b 393.2 ± 25.2ab 2,584.0 ± 165.4ab
67.1 ± 10.2a 320.3 ± 48.8a 2,413.1 ± 367.8ab
mmon letter differ, p < 0.05.
Loss
rinary energy Fecal N Urinary N
(mg/rat/4 d)
7.1 ± 1.4a 158.4 ± 32.7a 542.4 ± 81.1a
10.9 ± 0.6a 224.3 ± 26.0ab 1,341.1 ± 167.1ab
9.9 ± 0.9a 202.6 ± 7.3ab 1,063.9 ± 70.9ab
23.2 ± 3.9b 282.4 ± 42.5ab 2,247.4 ± 235.6b
16.8 ± 0.7ab 322.8 ± 37.9b 1,735.7 ± 100.1b
10.7 ± 0.6a 297.3 ± 31.7b 931.0 ± 53.9ab
11.3 ± 1.3a 153.6 ± 23.9a 1,195.6 ± 159.6b
8.8 ± 0.6a 161.3 ± 11.9a 1,023.1 ± 143.1ab
15.1 ± 1.6ab 258.4 ± 41.2ab 1,728.0 ± 175.3b
24.0 ± 1.9b 280.6 ± 17.4b 2,014.3 ± 77.3b
9.5 ± 0.6a 134.5 ± 9.3a 1,197.4 ± 76.7ab
18.3 ± 1.1b 268.7 ± 14.0ab 1,525.6 ± 82.7b
12.0 ± 1.8a 189.6 ± 26.1a 1,171.3 ± 130.1ab
mmon letter differ, p < 0.05.
Absorbed
Energy
(%)
Nitrogen
(mg/rat/4 d)
Nitrogen
(%)
84.6 ± 1.6a 708.1 ± 247.3a 41.6 ± 9.1a
89.1 ± 1.3b 1,856.4 ± 472.5b 51.7 ± 6.6ab
90.1 ± 1.3b 2,000.8 ± 483.7b 58.0 ± 5.2b
87.1 ± 1.5ab 1,454.8 ± 214.2ab 36.8 ± 5.5a
86.3 ± 0.6ab 1,555.4 ± 120.3ab 43.1 ± 3.3a
87.2 ± 0.7ab 1,310.7 ± 72.8ab 51.5 ± 2.2ab
89.0 ± 0.5b 1,374.9 ± 201.2ab 50.3 ± 5.5ab
90.3 ± 0.4b 1,606.0 ± 86.2ab 58.2 ± 2.6b
87.1 ± 0.4ab 1,319.5 ± 286.7ab 38.2 ± 6.5a
85.6 ± 0.4a 1,354.7 ± 143.2ab 36.7 ± 3.0a
89.1 ± 0.8b 1,793.3 ± 70.8b 59.4 ± 8.1b
88.2 ± 0.3b 1,243.8 ± 188.9ab 47.1 ± 4.4ab
88.9 ± 1.1b 1,052.2 ± 224.2ab 39.3 ± 5.8a
mmon letter differ, p < 0.05.
Table 7
Estimation of apparent metabolizable energy (AME) and nitrogen-corrected AME (AMEn) contents in the experimental diets and foods.
Dietary groups Dietary Single ingredients
AME AMEn AME AMEn
(kcal/kg dry matter)
BD 3,489.5 ± 67.8a 3,489.4 ± 67.8a
BD þ Bulgoki 4,170.1 ± 58.7b 4,170.0 ± 58.7b 5,982.7 ± 203.4b 5,982.6 ± 203.4b
Jeyuk bokeum 4,280.5 ± 61.9b 4,280.4 ± 61.9b 6,310.1 ± 212.6b 6,309.9 ± 212.6b
Samkyopsal-gui 4,152.4 ± 69.4b 4,152.3 ± 69.4b 5,765.6 ± 234.1b 5,765.5 ± 234.1b
Jang-jorim 3,749.3 ± 25.2ab 3,749.2 ± 25.2ab 4,539.0 ± 87.2b 4,538.9 ± 87.2b
Myolchi-jorim 3,750.0 ± 29.0ab 3,749.8 ± 29.0ab 4,732.6 ± 104.6b 4,732.5 ± 104.6b
Fish-jeon 4,070.1 ± 22.4b 4,070.0 ± 22.4b 5,468.5 ± 75.2b 5,468.4 ± 75.1b
Kalchi-gui 4,239.8 ± 19.8b 4,239.6 ± 19.8b 6,076.4 ± 66.7b 6,076.2 ± 66.7b
Kodeungo-gui 4,224.3 ± 20.6b 4,224.2 ± 20.6b 5,986.3 ± 69.2b 5,986.2 ± 69.2b
Kodeungo-jorim 3,812.7 ± 17.9ab 3,812.5 ± 17.9ab 4,807.6 ± 62.7b 4,807.5 ± 62.7b
Steak 4,743.8 ± 41.2 c 4,743.6 ± 41.2 c 7,610.7 ± 137.9 c 7,610.5 ± 137.9c
Pork cutlet 4,012.2 ± 15.9b 4,012.0 ± 15.9b 5,317.4 ± 53.7b 5,317.3 ± 53.7b
Fried chicken 4,245.2 ± 54.7b 4,245.1 ± 54.7b 6,097.6 ± 185.0b 6,097.5 ± 185.0b
Values are mean ± standard error of the mean. Means in a row with letters without a common letter differ, p < 0.05.
BD, basal diet.
Table 8
Comparison between apparent metabolizable energy values of single ingredients in
this experiment and the calculated values by various energy conversion factors.
Apparent metabolizable energy (kcal/kg wet matter)
Single ingredients This experiment Atwater* Rubnery FAOz SoCheunx
Bulgoki 1,971.3 1,724.2 1,775.2 1,672.9 1,723.3
Jeyuk bokeum 2,131.5 1,826.4 1,880.9 1,767.3 1,831.0
Samkyopsal-gui 3,543.0 4,032.1 4,156.9 3,844.5 4,070.9
Jang-jorim 2,404.3 2,109.1 2,165.2 2,051.9 2,048.1
Myolchi-jorim 3,772.4 3,641.1 3,744.2 3,532.1 3,605.0
Fish-jeon 2,165.5 1,984.5 2,041.2 1,901.7 1,961.9
Kalchi-gui 2,895.4 2,664.6 2,743.9 2,535.2 2,664.2
Kodeungo-gui 2,453.8 2,335.6 2,405.5 2,250.5 2,334.3
Kodeungo-jorim 1,623.5 1,629.1 1,676.4 1,587.0 1,617.6
Steak 4,375.4 3,779.9 3,896.4 3,565.4 3,823.7
Pork cutlet 3,121.3 3,205.7 3,300.2 3,120.4 3,211.9
Fried chicken 3,025.0 2,717.6 2,798.0 2,635.3 2,716.2
* Atwater energy conversion factors: 4 kcal/g, 9 kcal/g, 4 kcal/g for protein, fat,
carbohydrate, respectively.
y Rubner energy conversion factors: 4.1 kcal/g, 9.3 kcal/g, 4.1 kcal/g for protein,
fat, carbohydrate, respectively.
z Food and Agriculture Organization (FAO) energy conversion factors: 4.05 kcal/g,
8.37 kcal/g, 4.12 kcal/g for protein, fat, carbohydrate, respectively.
x SoCheun energy conversion factors: 3.8 kcal/g, 9.3 kcal/g, 3.9 kcal/g for protein,
fat, carbohydrate, respectively [3].
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protein food.
There were no signiﬁcant differences between test groups in
terms of body weight changes. However, in feed intake amount,
there were notable differences from the BD group across most of
the test groups (p < 0.05). Therefore there were high levels of gross
energy and protein intake in these test groups (p < 0.05). Gross
energy intake was higher among the samkyopsal-gui, jeyuk bokeum,
bulgoki, pork cutlet, and steak groups than the BD group by 88%,
57%, 55%, 52%, and 47%, respectively (p < 0.05). Nitrogen intake was
also higher in these test groups compared to the BD group
(p < 0.05). These results can be interpreted as the laboratory ani-
mals' preference for protein-rich hansik leading to greater feed
intake and in turn, greater intake of nitrogen components (Table 4).
Energy loss due to feces excretion was greater in the sam-
kyopsal-gui group compared with other test groups (p < 0.05,
Table 5), and urinary energy loss was greater in the samkyopsal-gui,
pork cutlet, and kodeungo-jorim group than other test groups
(p < 0.05). Feces nitrogen loss was greater in the jang-jorim,
myolchi-jorim, and kodeungo-jorim (p < 0.05), urinary nitrogen losswas greater in the pork cutlet, jang-jorim, ﬁsh-jeon, kodeungo-gui,
and kodeungo-jorim (p < 0.05).
The absorbed energy and nitrogen contents are as seen in
Table 6. There was more energy absorbed compared with the BD
group in all test groups with the exception of the ﬁsh-jeon group
(p < 0.05). There were more nitrogen contents in the bulgoki, jeyuk
bokeum, and steak groups than in the BD group (p< 0.05). Therefore
absorbed energy levels were higher than the BD group in all but the
ﬁsh-jeon group, and especially in hansik's jeyuk bokeum, ﬁsh-jeon,
and kalchi-gui groups (Table 6, p < 0.05). This seems to be because
samkyopsal-gui and steak contain more saturated fat, leading to
higher bodily absorption of high-calorie fat.
The AME contents of hansik food items used in this study are
shown in Table 7. The AME of test feed composed of meat products
was higher than the BD group in all groups excluding the jang-
jorim, myolchi-jorim, and kodeungo-jorim groups (p < 0.05). It was
found to be 22.7% higher in Korean jeyuk bokeum (p < 0.05).
Western steak had 36% more energy than the BD (p < 0.05). Fish
menus such as kalchi-gui and kodeungo-gui also had 21.5% and 21.7%
higher than BD (p < 0.05). This was analyzed as being due to their
high fat content.
The highest energy content of a single food item was jeyuk
bokeum, 6,310 kcal/kg and steak, 7,610 kcal/kg. In particular, the
energy content of steak, a representative western food, was
signiﬁcantly higher than those of hansik foods (p < 0.05). The range
of metabolizable energy content in hansik andwestern food studied
as sources of protein in this experiment was broad, at
4,539e7,610 kcal/kg. This was deemed as due to differences in the
fat content in the meat.
The nitrogen-corrected metabolizable energy is a more accurate
metabolizable energy consumed by the human body of the food,
compared to the uncorrected apparent metabolizable energy.
However, as all nitrogen content must be analyzed and the calcu-
lations are complicated, this method is less used. Still, the energy
using this method was displayed as it reﬂects more accurate
metabolizable energy. In terms of energy, nitrogen correction be-
comes an indicator of the balance in energy of the test subject,
meaning that if the nitrogen balance is close to 0, there is no protein
loss in the test subject body. Nutrition-wise, if the nitrogen balance
is þ it is the growth stage, and e means old age, so loss of body
protein. A This study also found a difference of around 0.2 kcal/kg
between the nitrogen corrected ﬁgure and the uncorrected one
(Table 7). This means that the condition of the test rat used in the
experiment has no body protein loss. In particular, the nitrogen
E. Kim, J. Choi / The evaluation of metabolizable energy 185excreted as urine in the form of urea is known to lose energy of
5.4 kcal/g nitrogen when converted from food protein form, so
correction of such loss would be accurate metabolizable energy
coming from the actual food [16].
The results of comparison between the metabolizable energy
actually measured in this study and the energy content measured
by the energy conversion coefﬁcient based on the ingredients are
as shown in Table 8. On the whole, the calculated values using the
energy conversion factors showed a wide difference from the
actually measured metabolizable energy. In the case of sam-
kyopsal-gui, the actually measured value was lower than the value
calculated by the coefﬁcient method, and fried chicken and bulgoki
had higher measured values than the calculated ones. The biggest
difference was in steak; actual metabolizable energy was around
16% higher. Samkyopsal-gui had a 10.4% difference, and steak had
the greatest difference at 15.7%. By contrast, bulgoki and jeyuk
bokeum's actual caloric values were higher than the Atwater co-
efﬁcient calculated ones, 9.1%, and 12.1% respectively. This seems
to be due to the fact that the more fat there is in the meat food, the
greater difference between the study and calculated values. This
seems to be the result of change of various ingredients in hansik by
synthesizing to less digestible compounds from cooking or vice
versa, less digestible compounds changing to more digestible
forms. However, this process is very complex and thus impossible
to estimate simply, and that is why there is a difference from the
actual energy consumed by the body. In fact, Korean foods are
known to be effective to prevent the obesity, probably due to low
metabolizable energy [17,18]. To understand this phenomenon,
more research on energy in hansik to look for the exact cause is
deemed necessary. Therefore, even in Korean food, which seems to
have relatively less calories than western food, the caloric value
would depend on the fat content, added subingredients, di-
gestibility and absorption rate, and cooking method of the food, so
actual animal testing was thought to yield more accurate results
rather than a simple calculation method using energy conversion
factors. In particular, 58 kinds of Korean food with high carbohy-
drate, ﬁber, and fat contents in the study results were found to
have overestimated caloric values compared to the current calorie
calculation method. The protein-rich meat hansik food items
studied in this paper have relatively high digestibility rates, so the
differences in energy content would be less divergent than foods
rich in carbohydrates, ﬁber, and fat. For hansik, the one energy
conversion factor that had the less divergence in energy content
from the actually measured metabolizable energy content was
Rubner's. However, Atwater's factor is the most well-known
among the currently used ones, and therefore the most broadly
used, so this will not be easily changed.
Considering the fact that the traditional single Korean table
setting is in the form of three, ﬁve, or seven dishes, consisting of
carbohydrate and ﬁber-rich foods rather than protein sources,
meaning the actual calories in hansik utilized in the body may be
even lower than expected [19].
Through this study, it was found that there was a considerable
difference between the caloric values actually absorbed by the
human body from the food and the calculated values from singleingredients. This is especially so in the case of Korean food, so it was
judged that animal testing is a more suitable and accurate method
of assessing metabolizable energy than the coefﬁcient method of
calorie estimation.
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